We studied in detail the distribution pattern of y-glutamyl transpeptidase (y-GT) in human salivary glands using a monoclonal antibody (MAb) to human kidney y-GT. In the sublingual gland, a strong reactivity of the enzyme was recognized along the luminal and lateral membranes of serous cells. Weak but positive reactivity was noted on the luminal membrane of mucous cells. The intercellular canaliculi in the demilune and luminal surfaces of excretory duct cells were also immunoreactive. In the submandibular gland, a 1-GT IN SALWARY GLAND
Introduction
y-Glutamyl transpeptidase (y-GT) is reported to be a membranebound enzyme (4,10,15) that catalyzes the transfer of y-glutamyl moieties to the amino acids (18). It has also been found to take part in detoxification of ammonia in the kidney (16), in production of leukouiene (20,22), and to have co-enzyme activity (17). However, it is not clear what functions y-GT carries out in various organs. To elucidate the biological role of y-GT, it is necessary to determine the precise localization of 7-GT in each organ. The localization of r-GT has usually been studied by an enzyme histochemical method with an azo dye technique (1,2,5,11,13,23,24). Although this technique is well established, some difficulties still exist in its application for precise observation of enzyme localization, because the final reaction product is soluble in organic reagents and also tends to diffuse away from the point of original deposition. Recently, Shiozawa and colleagues (25) prepared a monoclonal antibody (MAb) that specifically recognized a 63 KD polypeptide in the heavy subunit of y-GT. The immunohistochemical reactivity of the MAb was so specific and intense that the localization ofthe enzyme in many organs was well documented. Among the organs examined, human pancreas (25,28), prostate (25), and sweat glands (29) belong to the category of exocrine glands. Still, the immunohistochemical localization of the enzyme in these glands was not uniform but rather was variable. Moreover, the distribution pattern in human pancreas was somewhat different from that in the rat (30) .
The present study investigated the precise distribution of y-GT in salivary glands, which are also typical exocrine glands. To elucidate the biological role of y-GT in exocrine function, the objective was to clarify the localization of y-GT, whether in the secretory endpieces or the duct system of salivary glands, and to determine the dfirence in distribution of y-GT in each salivary gland, i.e., parotid, submandibular, and sublingual glands.
Materials and Methods
Tissue Preparation for Light and Electron Microscopy. Autopsy specimens of salivary glands that showed no macroscopic pathological changes were used in this study. For light microscopy, the specimens were cut into small blocks and fixed with 4% paraformaldehyde, dehydrated in an ascending series of ethanol, cleared in xylene, and embedded in paraffin. Paraffin sections ranging from 3 to 15 pm thick were prepared. For electron microscopy, small blocks of salivary glands were immersed in 4% paraformaldehyde. After specimens were washed with 0.01 M phosphate buffer containing 0.85% NaCl (PBS) and 7.5% sucrose, thin slices of unfrozen tissue, 15-20 wm thick, were prepared using a Microslicer (Dosaka; Osaka, Japan) and immunostained in a vial.
Jmmunohistochemical P d u r e . A monoclonal antibody (MAb) generated in mice against human y-GT purified from kidney cortex (25) was used in this study. The paraffinsections were treated first with 1% bovine 205 serum albumin (BSA) prepared in PBS for 30 min and then with the hybridoma supernatant for 2 hr at room temperature. After washing with PBS. the sections were treated by the avidin-biotin-peroxidase (ABC) procedure (8) , using a Vectastain ABC kit (Vector Laboratories; Burlingame, CA), and then reacted with diaminobenzidine solution containing 25 mg 3,3'-diaminobenzidine tetrahydrochloride (Wako Pure Chemical Industries; Osaka, Japan) and 0.5 ml 1% H202 in 100 mlO.05 M Tris-HCI buffer, pH 7.4. After immunostaining, paraffin sections were counterstained with 0.1% methyl green solution, dehydrated. cleared in xylene, and mounted in balsam.
For electron microscopy, tissue slices were reacted with monoclonal antiy-GT antibody, washed with PBS, and stained with the ABC method (8) . After the diaminobenzidine reaction, slices were washed, fixed with 2% osmium tetroxide, dehydrated in graded ethanols and embedded in epon. Ultra-thin sections were cut on an ultramicrotome with a diamond knife. The sections were observed with a JEOL lOOCX electron microscope without electron staining.
For the controls, the following four experiments were performed; (a) the first antibody, hybridoma supernatant, was omitted; (b) the first antibody was replaced by a culture supernatant of myeloma cells; (c) the first antibody was replaced by an irrelevant MAb; and (d) the ABC procedure was omitted.
Results

Light Microscopy
Sublingual Gland. In the secretory endpieces, a strong reaction of y-GT was recognized specifically along the luminal and lateral membranes of serous cells (Figure 1 ). No reaction was observed in mucous cells. Strong reactivity was also recognized along the luminal and lateral borders of demilune serous cells (Figure  1) . The reaction was also observed along the luminal surface of the excretory duct continuous from the lumen of the serous acinus (Figure 2) , whereas the immunoreaction was negative in the duct con-tinuous from the lumen of the mucous endpiece (Figure 1 ). A weak positive reaction was noted in the short portion between the lumen of the mucous secretory endpiece and the excretory duct (Figure 2) . It was not clear whether this positive short portion was intercalated or striated duct. No immunoreaction was observed in the control sections of sublingual gland (Figure 3 ). Submandibular Gland. In the submandibular gland, a weak reaction was observed on the luminal surface of the striated and intercalated ducts (Figure 4) . Occasionally a weak reaction was observed along the luminal membrane of the serous cells. The intensity of immunoreaction in the submandibular gland was generally much lower than that in the sublingual gland.
Parotid Gland. In the parotid gland, a slight positive reaction was present along the luminal surface of striated duct. No reaction was seen in serous cells (Figure 5 ) .
Electron Microscopy of the Sublingual Gland
Serous Acini. The reaction of y-GT was observed on the microvilli, luminal plasma membrane, and lateral plasma membrane of serous acinar cells, Immunoreactivity was also found along the intercellular canaliculi ( Figure 6 ). The basal plasma membrane, which spread into branches along the basement membrane, and the plasma membrane of the myoepithelial cell were also considered to show positive reactivity ( Figure 6 ). Secretory granules and cytoplasm had no detectable reactivity to the antibody.
Mucous Tubules. No immunoreactivity was detected in secretory granules or cytoplasm. Weak immunoreaction was noted along the luminal surface of the mucous cells, but no reactivity was seen on the lateral basal plasma membranes (Figure 7 ) . Serous Demilune. In the demilune, where serous cells surrounded the end of a mucous tubule, immunoreactivity was present on the luminal surfaces of serous cells (Figure 8 ). The microvilli of the intercellular canaliculi formed between serous demilune cells were also positive (Figure 8 ). At the border between the serous demilune cells and the mucous cells, the intercellular canaliculi or intercellular lumen could be seen. Along the intercellular lumen between the cells of the mucous secretory endpiece and the demilune serous cells, positive reaction was observed on the luminal surface of demilune serous cells but not of mucous cells (Figure 9 ).
In conclusion, the positive reaction was recognized only along the luminal surface in the mucous cells. On the other hand, in serous cells the immunoreaction was found on the microvilli of the luminal surface, in the intercellular secretory canaliculi, the lateral plasma membrane, and in the basal plasma membrane.
Discussion
Serous cells of the sublingual gland are roughly cuboidal and are arranged around a relatively narrow lumen in the serous acini. The luminal surfaces of the serous cells have sparse microvilli, and intercellular canaliculi lined with microvilli are found between the serous cells in the serous acini and in the demilunes. p G T was localized on the microvilli of serous cells in the serous acini and in the demilunes of the sublingual gland, but not in the parotid gland, although the secretory portion of the parotid gland is composed exclusively of serous acini. Immunostaining in the sublingual gland was the strongest among the salivary glands examined. The difference in reactivity between serous cells of each salivary gland is assumed to be due to differences in the amino acid transport system between salivary glands and to differences in the levels of glutathione metabolism.
As for the duct system, little immunoreactivity was noted in the parotid gland. However, we could demonstrate strong reaction in the excretory duct of the sublingual gland and weak reaction in the intercalated and striated ducts of the submandibular gland. This implies that the cells lining the ducts play a role not only in the electrolyte modification of saliva (26, 27) but also in the transport of amino acids in saliva. With regard to the function of duct cells in salivary glands, it is suggested that duct cells regulate the concentration of electrolytes such as Na+, Cl-. and K+ in saliva by an Na+,K*-ATPase pump in the duct cells (3, 9, 31) . In addition, it is reported that the striated ducts synthesize and secrete salivary glycoproteins (6.12), such as the serine protease kallikrein (19, 21) . Hand et al. (7) showed the endocytic process of intralobular duct cells after infusion of periodate-oxidized HRP and cationized fer-ritin. Lotti and Hand (14) also demonstrated that specific sugar binding lectins on the luminal surface of duct cells could regulate the absorption of the proteins secreted by acinar cells, since various glycosylated BSAs, such asp-aminophenyl-3-D-mannopyranoside-BSA (Man-BSA) and fucosylamide-BSA (Fuc-BSA), were internalized by duct cells to a greater extent than native BSA.
These reports led to the suggestion that the duct cells play an important role not only in electrolyte transport but also in secretion, absorption, and synthesis of saliva proteins. However, the process by which y-GT participates in these functions is not yet clear.
As reported in our previous studies on the distribution ofy-GT in exocrine glands, y-GT was confirmed to be localized in the lu- mina1 surfaces of duct cells in pancreas (28), in the Golgi area and luminal surfaces of secretory cells in sweat gland (29), and on the luminal surfaces of epithelial cells of prostate (25). From these results, the conclusion is that y-GT shows variable distribution in each exocrine gland. It is difficult to explain the possible physiological role of y-GT in the process of secretion only on the basis of results of immunohistochemical study, because y-GT may display a wide spectrum of biological functions. Further studies are required to elucidate the biological function of y-GT in the secretory process.
